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(54) SURFACE ACOUSTIC WAVE DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the minimum 
loss, the broad band and the squareness ratio by 
selecting a piezoelectric single crystal substrate sliced at 
an optimum cut angle with respect to an electrode film 
thickness. 

SOLUTION: For example, a piezoelectric single crystal 
having crystal axes X, Y, Z like an LiTa03 is sliced 
around the axis X at a rotation angle 9 tilted from the Y 
axis in a direction of the Z axis as a substrate. When the 
angle Ois selected higher than a conventional angle of 
36°, the surface acoustic wave device with a high Q in 
which the attenuation in the surface acoustic wave is 
less for a GHz frequency band is obtained. Furthermore, 
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since the position of the fil^^ass band is shifted toward lower fredj^^cies with respect to a 
conventional spurious peak attended with the applied mass effect to electrodes at high 
frequencies, the spurious peak is located at the outside of the filter pass band in the device 
formed on the substrate with a higher angle 0. Furthermore, the squareness ratio of the pass 
band characteristic is changed with the angle 0 and especially, the higher angle 0 is used for a 
GHz band than a conventional angle to provide excellent pass band width and squareness 
ratio to the substrate. 
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(57) [£ft] 

[HB^S] LiTa0 3 **VH4LiNbO, <Kd 
5. 



»*!90SraitR«-fS810lH 





(2) 



tut* 1 t&S&tt'tlW&W-'yt & 

onuNDc&vYC, 

*BS»tf5«fi«0. 0 3~0. 1 5co&B£Off$£* 

l ; masmmn. l i Tao, jpisa*. xm** 

iC»*C, Ytt*^Ztt^r|6l^3 8~4 6 0 cOKfflcOAgT 

ttHBSisa. 

[»«jh 2 ] flnEBts&t*. l i t a o 3 j*&a 

Sr. XW5r4"C4C, Ytt*^ZW*-|t](C4 0-4 6 4 CO 
KH<»ft0tCliBE$-W:*tt**t* i><?)~C$>& Zb* 

mttmm i isa^wtt^H^s. 

BBBS<t*5ltt*ffl*<0«ft<00. 0 7-0. 1 5co® 
BcoJ¥$ -T k Sr«Sk-tSW*« 1 *fctt 212 

©eO&ttfMlia. 

[M*JS4] WE»<*-vtt» *KflEWHR±fc: 
Il;g$ix&$ttSiffl$co?fcftcoO. 0 5-0. 10cO« 
H*)ffS*WU ffllEEEWEM:. LiTaO, #£41 
£, XttSt-frt, Ylto&Wi>Z(«5f|6jfc: 4 0—44* CO 
WW)*«TBBiK<J**:*tt**<-* t> <9?*>S Z t £ 

mmt-tmm i l 3 w^-rtL^-^iesaopitt 
^s^a. 

[IWSB 5 ] frlEE*S««, L i T a 0 3 J&t&fl 

xr»£«N>fc. Y|^7&>^,zte^^[fi]^^4 2• coffifflco 

■tmm i iBmco^ttfMga. 
mm6) m^m'W-yis.. Ai±*)%izt 
zmtt&mmi%^i5c?)^-rtit*-mffim 
tt^BS^a. 

[nr*ji7 ] mumm^-y^ a i -c u^«t 

•3*6 ^ t swatt *M$* 1 fr^L 5 covvf*i>- 
^E»co$ttf<Ij«3£B. 

i ~7 co 3 *>^-rn^aieijco53!tt^ffijs^B. 
titiA i ii*»tti»v-^i: i o&ssite^ 

Sffijfccoifcgcoo. 0 3—0. 1 5co®BcoI?$£# 
L ; ffiaE«S«W, LiTa0 3 #^ B B B $r. X#£+ 
<MC. Ytt*^ZtttT6]{C3 8~4 6' coKfflOftST 

husk i o ] vtm&w-yii* mmsM&um 
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jr 2 coa^ms^-e^-f fe .tt^aj^ag^ 

ffmMMiKfcUT, HMtifWcoftiKigg&cO 
IE«co3¥tt^ffl»7^P^. 

[ tt^js 1 1 ] t?f ssi i nwmwmt. mimmm. 

ii(CH!iiSA^Si i Wg^$n^^itcomffil&«J: OfcSSi 
^k«k0=5r l ), flriBS82colS^mffil2. mEEUHR 

BSffl^lHfcMrt* UStcomH^J: 0 314 com® 
»Bk «k 9&S.rk£*«$k'tSfi!*«l OlBSScoSStt 

mm 1 2 j niriass 1 jb«vitijii2«xnnfiuti 

w,2mm i mt&. mmmrnm^z, mat®. 
mm<r>mwmiz^x^Kizmt^tih z t 
t-r&mm 1 o 1 1 EiBsco3itt^Bift7 < ^ 

mwftmmmmmz&mt&xoizBfoztL. « 
miz7j}ft?izimztit:m[<r>wmz 1 co 
tust 2v^*at««sfi. iuiBSiico«©^ 

kiO^rO. 

fIiem2cO©^miS{i. lBEEE«WR«iii±t=*JV^Tif 

is*tt«iitto@iHs»(cxaiu. ftaicfriem2com 

«flfflN=flM$n^WR«>«»IJ: 0=Srl)^3coSffitg 
ffk, SV^*=*WcB*#FfcjWIS*i, Bff§eJB2com 

ajs»<oiaifc^tet*WR««a»j: o=6ri)m4comffi 

t&SfkiO^I-Cik t «ttk"f Mm 9 IBStcopStt^ 

[KM14] ffliW&W-ytt. $4>tC filEE 

•f S J: 3 ftMt KilB® 2 com^»fc«a 

Sftfci»a:o«flSSJ:9^*fS50««B»k, Sv^t 

*jite««5§*i, ttfiam 5 conffifisfcofsiKrt&t s a 

ifcco««i^J: 0=5:4^6comffi^Sfk t "5=8r6»3<Olt 

cofgJ)8^lffit:3cllL, AacmEff40««}&»C«« 

ft3Btffi*flH t fc:SaKS*i, ffliE*70«&*H&)fflfc: 
Mrf *«»««SB»J: 0=5:l»m8co«ffi^l¥t J: 0=5: 




$ x o a 6 <vmm%m t ± o 3 ^©jems* 
frE*3*>»#*»i. ineiBi!2ow&c&£ 

1 6 ] E«a«fc . frisE«a«^ffit^ 

£ft£A I SiJS^kt-fcW^-^i: J: 0*6Wtt 
*ffi$?)ifcftcDO. 0 3~0. 1 50&B<7)i?££* 

l ; mzsmmte. l i Tao 3 jwsa** xmz* 

Mz. Ytt*><i>Ztt^|6l^3 8~4 6 0 OJEHOftST' 
fc* 1 ~£ 5 <7)®^mffiSr^A ; MIB^ 1 ^tai^ISi 
JM: 0*6*1 SV>K*»fc:««§*u 

sirieig i nvmBmmizittetiw&emmt 0=5: 
nrae»2<^>»jB«w4, musMmum^zts^xm 

&m&&mm±£&^xmiw&$kWfo(offlmi&iz3i. 

«»O»IBSJ: l 5*6»6OWBI»i:J:0**SII3^) 
f»i?e«fiii: J: 0=5:0 ;Wm4<nmmmts Sfelc. 

taasu mizms^2eommmizm^^tuzm 
«m:«BS*i, i^7<owH!^Hifc:*rtE**« 

ft(9tffi»J: 0=5: &*8omffi^8te «fc 0=5:l>*4 <0« 
JE«ffifccfc05:0. 

^3iKmiem4omffit&Sft^§n/v:«0:^m 
Sm0=6:Sm9<O«®&Sft, 2Vte#afc«iftS 
ix. tt0^90«ffilffl^^^^«=MKO«SftJ: 
0*&»1 0O«ttflJ»kJ:0=Sr*J(l5O«««SJ:») 
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imm 1 7 ] . BtfiaEmSSafflfcrm 

ZtitzA 1 fcirt^fc-J-ifcS/^-yfc J: 9*4Wtt 

HSifeO&*<7>0. 0 3~0. 1 5c7)®Hc7)Jf§Sr* 
t ; mWm&liL i TaOj JWA*. X«*4M> 
te» Ytt*^Zttrtri*]tc3 8~4 6* (OKHoftS-CIII 

«E»H±t:*JV^«att» 1 «WFWS«S*ifcinW) 
TO*** 0=5rl>SfS 1 omS^Pfc . »2<oa!<0«=F(cS: 
v^(c«afcU»5<t, «E»l<0WBfi»<0lBI(c^l«- 
*«fttt«ffftJ: 0=5:l>m2^«IStl8Pi J: 

i mxm i 8 ] Emm&t , «naEmR«iic»js 

WKW^-vtis «ME£E«£«J:fc:BijBS*i&5|ltt 
*ffltt*>S*tf>0. 0 3~O. 1 5(OffiHOJf§?r^ 
t ; mSBMm.it. L i Ta0 3 m&£. XWSr* 
Y«*>feZ(**|«l{=38— 4 6* ««H«)ftKT 

imm 1 9 ] mm.t , MiaE^a^*®^^ 

SiifeA 1 J: 0=5:l»5*tt 

*ffljS^&ft<7) 0 . 0 4-0. 12 <7)«BO/?§ S: W 
t ; IWBE«HRtt, LiNb0 3 #^ASr, XttSr* 
'C-t, YW*^Z(fctr|frjt6 6-7 4- OKHOftSt' 

[ mm 2 o 3 miis.nm.it . l i n b o 3 jms a 

Sr. XHt+'C>K. YH*>feZ(fcfirmfc6 8~7 2' CO 
(CilS$fL.55ltt^ffijftO»*<7)0. 0 5~0. 10<0 

[H*J12 3 ] IBEWV-VBA 1 -CuMi 

i-&ztz®mbi-&m*m 9-2303^. v^-rii 



• * 




BUifc. m&im&tzzbzimbt mm 19 

SdtSr^atl-Slf^l 9~2 3?>3^ lvf*i*> 

nmti-&m$mi 9-2 3<7>o*>, ^■rtii^mm 

$m&<T>W.&<?> 0 . 0 4—0. 12 OieHcOJf § 

i ; t»!SG»iu. l i n bo 3 mik*. xmz* 
nm i h»5 m&tmns* ; u-nam i omBire 

ti» ffie£E«S«affl±K*3V^Kie»tt^iii^^^» 
miSSiS 1 «it^»^WMIrt-S*8W>«ffiffiJ: OS: 

&m2coimmt mm2cr>wmm±. 

*Pfc»«S*U «K»3<0WHBB<0lBIC^«-4* 

it. ftffltffiam i nnmmmizmtiiztifzmwmm 

£§S6c7)m«!Pfc J 9&l>3S3<7«mffii: J: 0=5: 

*u fries 7 o««H»*>Hitc*r#*-* mwrnrnftx 
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±iz&^TMm&mm%.mmmiz$M-tz> xoiz 
mi / zmi%4cow&%mz%®ztitzm& 

six, ioiBm9<om«i^post^*f mwmm 

[000 1] 
[00023 

mm^mzm^mm^mvm^-timmmmmm 

m&biwtmibmBLkizBiSLZtizff. wmm 

< , tizismmmizts^xmm&mikmii^ 
mmmbiz. tcLiNbo 3 j&tsifc>6 4* ruse 

Y#-y b«tcfcV^T^ffi«c7)gjl8^(6]S:X*[6jt U:6 
4-y-XLiNb0 3 li(K. Yamanouti and K. Shib 
ayama, J. Appl. Phys. vol.43, no. 3, March 1972, p 
P. 856) *SW4LiTa0 3 #tSfl<03 6* ®&Y$ 
•x h«fcfcV^*Ha<0©tt6-|6|*X*|6ii: LX 3 6 • 
Y-X LiTaOg fflK:W£<fl!*>*l.TV>S. 
[00033 

hmz. Ew&&m±.izM&z titz'mnmmm 
mtumx-t hi^izembZchijCQTht) . scwmh 

zmmzii&®mmmztt txmxz %< 4 0 „ 

[00043 Cico«J:3 **#tc«»**0»fffc:*jv^r 

li^fr^m&mtzftt^xmzti&'Wr&m 

•£>. ^S-'N'/P^jS?: S S BW (surface skimming bul 
k wave) fcffcU *fc*»*»6SS BW&ffd*ffl«tL 
SAW (Leaky surface acoustic wave) b W$~%> . W-^ 
mm&Z ft -5 fc9tt&S» 7 < ^ ^ (CJ3 It S L S A W<7) 
fiaBSBfetOV^Ttt, 3 6* Y-X LiTa0 3 




4* Y-X LiNb0 3 £RfcOVVC, Plesskyffe, hh 
\A± Edmonson t&lZX O&Wtf&Sfl/O^ (V. S. PI 
essky and C. S. Hartmann, Proc.1993 IEEE Ultrasoni 
cs Symp., pp.1239 - 1242; P. J. Edmonson and C. K. 
Campbell, Proc. 1994 IEEE Ultrosonic Symp., pp75 
- 79). 

[0 0 0 5] b^bX. Z<DXo^mk<036' Y-X L 
iTa0 3 $>SVHi64* Y-X LiNb0 3 ^CO, LS 

y° , JTXV—7tftlil%lXL&0 (M. Ueda et al., Pro 
c. 1994 IEEE Ultrasonic Symp., pp.143 - 146) . 
[ 0 0 0 6 ] 02 1 (4, JJE Ueda J&D£K£J: ££D 
»7 -f % 7 */^ffli**Hifi»fc:a3!U: 

A/i^j&fcj&xryrxfcr-^A, BfcijS*. 7-f/W 
?t43 6 * Y-X LiTa0 3 3£RJ:fc«fft**l. Bfijft 
^<03%tffiif SO. 4 9/xmc7)/f§(7)A 1 -Cu£ 

[0 0 07] 02 l£#BB-r&K. X7UTXtf-^B 
143 3 OM Hz attfc^iRSilJtiBMIWjW-t^t-CU 

ffaumswBwetBfL^v^ft, gh z «m*>j:3 

y rxe-?k:*f u>7 h u w«wnt 

LTii?ct 6 fc jfefc fcRIH Lfc J: 3 fcA/l^ft»fc J: & 

L S AW<0«5fe&<i£*cLT L £ 3 . 

[0 0 08] *fc. »icGHz#<0J:dW|5*t:*«» 

[0009] ^It, *»BBkt. Cl^J: d&fiyEWlSIH 

sea* * xr y 7* * aa ltrs t ^m^iBttss 

[00 10] 

t . IS^JI 1 tcl£® Lfc ct 7 fc . k , ffflEEm 
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0. 0 3-0. 150ffflOJfS£4rl,:mE£Bt£K 
14, LiTa0 3 X«$«K*:. Yffc^Z 

HWTlftI(C3 8-4 6 • aMB^jrrHC3-£fc *fil* 

0, *fcti««9l2(ci»LfcJ:dfc:. flrfBE«S& 
(4. LiTa0 3 Jtf&Afr. X<*fc«M>iC. Yfflrt^Z 

HrtrmtM o~4 6* o&ffloftjrcmiES 

*tr* t><oT$>-s» £ b zmsib-tiffim 1 lefjowtt 

KUKMIiCj: 0. 4fcliil!*B3fciBttU;J:3fc. 
Slffl$[<Ofcg«00. 0 7-0. 1 50)%M0)J$Z£ftt 

hzbmmb-tm^mitz^2immmmm 
o«fi«o. o5~o. i oomwmazKi. me 

Em*tKt4. LiTaO, X**«M*:. Y 

tt*»feZ«*mt4 0~4 4' <0«HOft*TliW6S* 
testa**** t,or'J>S£ k £#8tk-f ilM 1 =5: 
v^L 30v^t*i3^flEtt^»tt*iiiaaSitt: J: "5 . * 
fcfctHW«5fcE«LfcJ:dfc. fiIIBEm»W4, Li 

4 2" <7)fflR<tt&T®&%-frfc1ftfLZftt&i><r)X'*> 

&zb mmb-tm^m 1 iBi&o$ites«§siBKJ: 
o , * ttawsa 6 tciett t - t i o iz , H^em» ^ - 

y(4, Al J:9ftftikt1«li:-r*||5Wll*v^5 

*«7WEttLfcJ:atC«lia»V->ti, Al-C 
u ^ «t 9 S £ t S: #S fc t& If 1 * n L 5 <OV » 

«!Sffl±(c . «ROAS»»«ifi-r « £ t Sr^! t ■t * 

mm i ~ 7 n o ^iMxt^mmmmmmm. 

1iSeEE«S«tli1Bt»iS$<ifcA 1 Sri^t-tS 

|g®ifficO«^ o . 0 3-0. 15 C0ffiffl<7)Jf $ * W 
t ; H5IBEmS«(4. LiTaO, X«i^ + 

4>t, YW*»fcZ|fcfr|pJfc:3 8~4 6' 9>mWcOft&X 

tzimm. i o iz§m uz* o c , mm"?-*' 
o t^«§ i b m 2 9>mnmb 

*. ffflB^lt3<}:l/m2<0»^m®i-?-n^A^«gi 1 

ot^pifisii. mv±wmLmffi±.izt>^x , mm®. 

*Bnft<oe«e»o^*< k 1 1 /2Ult£S d £ k £ 
«fakr*»*3S9iB«W»ttliiB*7 ^ /P^fcJ: 9 , 




JSigSS^2SHL. ftl£1llEA:fiWc£l^iT.£1ttSc 

s*u mffisnnmrnmiz-frtErmmmmfg 
x ozzmnnwzmt x t zmiti-m 
oieK^e*B«7 <t\s?izx k>. turn* 
mi 2iz%mu.zXo^ m&sit>&wm2(r)®B 

mmmmmimimiz^xjiiKizmmtiz z 
t zmti-mx® i o t few 1 1 iat(!owtt*ffi« 

»<oe*eiMc3Sii'*4 x o izjmsn. ft»tcA*« 

*fc^$*ifc«R*>WH&J: 1 

^MBf *fflR0MB&J: D=5r&£2<OMim J; 9& 

TI9iE»tt»lii«<OfiaMi»t:3Sl£L, £illfci?ylES&2 

<7ymmiznm^tifim^wmx vKmsnm 
wmt. m^z#mziiijimz&Mzti. mim2 
wimfimvmzft&thm&nmmx 9&&m4o 

14^ffi»7^;P^ti0. *fcttit**14£iE«W: 

lfcSft . Hirf ESS 5 tOWBBBOBlC^ttl-* «R^)«fi 
0=3rl»^6O«S§tlSli: J: 9&£>SiS3c«^g 

t ;miEmmmM±izt5^xmmmmmm 

<OWB*fi**tr£fc 1 31E38<0$* 

&m%t7<wiz£<o. twzmmi stiaau: 
ffiveM5cowmm<7)mzitiEtz>immmx o* 
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Iem3i0®^«fil(i. ffl£J|IJ|l20tKEm£R&l/C 

m%7 < wizx o s tmmsm 1 6 meau: j 

3t=, EH««fc. lWEE*^»IBfc#J*3*ifcA 1 
t&ittok+hW&if-yb X 1 9'5:l.5lttaH»7 * 
/Wcis^T. KIRWi/^-^tt. lOTEEWEttUifc 
HfiBSii&Wtt*n«W>8«O0. 0 3~0. 

mm § s-wt ; i?ieffi«a«cti. l i t a o 3 m& 

*. XM£«MMc. Y|**^Zfa^|fi]tc3 8-~4 6* <0 
tt. UKE«S««il±fc:, W£*iii*f^&ttlilft(c& 

S83*U lilB»l<0««^)ISIt^hW-*«R<0« 
Mhfc9&Sm2<7>m«IPi:J:')3r , 9. 131382 Off 

j^mffiti, mmmmmmnzti^xmm&m®. 

tf*f l>«$<7)m«g J: 0 =5:l>^4 comfii^Pfc J: 0 * 
0 ; ttigg 3 *XS$«&& Sfefc, B?lEE«S«^ffi 
±tfcv^Tffl@»tKiii«<ofiaKe»C3SI-f * J: 3 fc 

J: i3«»6«HB8Rfc ± 'OK&ftsmmMt «t 
0=SrO ; l91ES4<0«^1tt®i, §4>fc, frKEm&IK 
f®±tfe^TIWttSiii«ofiaMi»t3aiU. ft 

iicffia^ 2 nwmmzmms tiKmmwmz. *> 
ti. mm7(nnm%m>mzit&t&mt<?m]ffl2± 

»«W»J:')«»9«lift«'!: < Sv^fcftjKc* 

men 9 ««»BfP<oBit:^hw s ssco*® 
ttziim$m 1 7 iciEA LfiX o c . frie 

^-vti, HtflEES*«LhtcilS§ai)3ltt^ffia<7)a 
*C00. 0 3~0. 1 SoefflcoWSS-fl-t 
IfiULiTaOj «|fiA$. XWSr4"W=, Ytt*>t> 
Ztfcfirr^tc 3 8-4 6 • W«HO«ircilB6S-*t*ffi 

^xftiic^ i comizmztitzmmmmx >)% 




mti. mm i commimnfflzit&t shawms 

4Wtt*Bttt7.f;l^tc*$vvc. MEW^-Mi. 

3-0 . 1 5<7)KH<OJf ; fiflEEm»»i, L 

iTa0 3 #tSAfr, X»£4"l>£, Yffo&^Zffctrft 
l;:38-46° ^Kffl^STIUK^-ti-^a^L ; 

WttftgfiOTaftfc «t 0 , 4 fcttHHt* 1 9 KISS bfc 
i?£, BE«*Kfc. MEE.«eBESiSt:»J«**ifcA 

iBS*l45MH«B*O«*^0. 04-0. 1 2c?)®ffi 

; WlEEmffiKli, L i N b0 3 #ttA 
Sr. XWSr+'Wc. Y#*^ZIWr(6]^6 6-7 4 ° CO 

iE*fcU:«fc-5fc, ffriEE«&t»i, Li Nb0 3 

Sr. X$|£#'I>K, Y(**»feZ«rtr|fiKC6 8-7 2 ' O 

^S!fc-r&M*«2 0lES!^3¥tt*®^atcJ: 0 , 4 

0. 0 5-0. 1 0ff>MWZ£1ttlc\k*1&kb+ 
imm 9ifctt2 OlESiOPHifMIilSKi 9, 
4 ^tilt^JH 2 2 CEft Lfc X o tc , h?IE«^^ - y 
ttA I i9=5rl>£i:£#®i:-t&iI*Jll 9-2 I cod 

*>. ^ifot^mmmmmmmzx*). tmt 
-cu^j:o^i»^t^at-rsw^i 9-2 1 

<93*>, v^-ffi*>-«iES«OWtt^ffi^aCJ:0. 4 
fcttK*Ja2 4lcie»U:J: lilEWV-^ 
ti, fiilEE»Kf<lffl±fc, «R^)ftfi3S*fflv^5^ 
-^l7-<^^»jfttSifc*1«akf S»»Bl 9- 

2 3co3^. v ^ti^mmcom^mm^mz i 

9 , 4 tzlffi$m 2 5 (ciEtt Lfc Xoiz. VfgSS/W 
-Mi, fliflEffim«8«±£, «tS»*JB«t*ifc 
£#$i:t£fi£>Sl 9-2 3<Oo^, VYffi*»-*« 
#<0»tt*B»fSKiEC J: 9 . ifcttlftR* 2 6 fclESK L 
£iotc, WEW^V-^tt, |t[IEEm«1g^B± 

fc*ttafci-4ni*jai 9-2 3<o^, ^-wia*-* 

f£8ttf>5«4f«i£afci 0 . 4fcttlM8I2 7 CEft 
Uii3t, MEW**- Mi. MIEE«a«*BB± 

A>ffij££ftSI IDTfi7*/l^*#Jfc*6£fc«:»a 
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t-t zmm i 9-2 3*)^, v*?»i*»-jiie«*>» 
ttusnsggc i o . tmm&a 2 8 tcie« uri a 

mm-ttitzftwiktm-mi 9-230? 
*>, v^^aett^tt«iBaaai(cj:o. 4*ti 

IH**2 9KEttLfcJ:3<c, HEW** -244. if 

IEI8w3Wt*BiS^an i 0 . 4 fctiaw&H 3 0 CiEtt 
U:«k3K, jE«&Ki, iiulEEmg««cJfM$ix 

*a i ti^^fc-r&w^^-viii O'flrisittsm 
WLtizmmztim&mffimcotiiMcoo . 04-0. 1 

2cOSH<Oli§Sr*L ; fiilEES&tSfct L i Nb0 3 
JftttA*. X«i*4"fr{C. Ytt*>A>Zipfc^[t]{c6 6~7 

4- <oKH^«flmii«s-*t*tt*irL ; friBmsA- 

^-Mi. HtflEE^*««ffl±lCs f¥ttaffl»^fEj)8ig 

mz®'>xmis&titzWii~~m5<r>®mmz-&*- ; « 

IEflll<OW^M»i. frlEE«a«*iB±{ct3V^flirlE 
Siife«R«««»J: 0=5: 1 OCfffflff J: . Sv^fc 

«ats«$fL. mimicommmcDmizftiEfm 
&.mmz*)%&m2<7)qmmbX')% y ). mm 
2(r>mmmt. m^mBmixz^xmism 

$ifttafi3ftllft(c£3£U ftatl91E»20WBH» 

m ^z&mz&iim'i,z®wizti . mm&scommm 
iz&mzti. mmscrimxm^^zittt-thmm 

WS»i *)%Zm6cr>WM$mb£ *)%&m3 comm. 
mSMS±Kfcv ^T«lE5M^iB«<oaHa»fc:3Ea 

t, sa^fiism 2 con&mizmmtitzimvQte 
m*)%tm7<rmmim]i* ^iz&mizutfimwz 
mmzti. mmKonmfzmcofflizirtEt&mLnm 

fci 9=6:0, frlEm5c7)lSije«ffili. $^>(^ b?IBE« 
ii^1ili[(7)miS^i9 : 5rl»m9<7)mS^gPfc. 2v*fc# 

iitc^ffi^n. s?iE^9osffifiaforac^^tri»«s 

^m©i 9 *S i k -TS3¥tt^ffl»7 -f c 

i 9 . oi^-rs . *mvm** m 1 -3 * 

[00 11] H Hi, £ElttlUMK^Q9aiUA»Rffl 



« • 




-f&H-e&S. 01fct WitfL iTa0 3 oidSr. 

gAMx. y, zt^-sffWMSfit. eawxoig 

[00 12] S2(iLiTa0 3 mfe H B O^HII£Y-X 

LftfruLUHEfctf trowel. SfcfctW9!U:J:3 
fc. ft*J: 0 L i Ta0 3 ffi&h(Cgtt£iBK3giI*# 
fi£-fS%^ 3 6' Y-xmmK 4fcLiNb0 8 * 

9Lt£miwmmi*m.'ti*&* 64* y-xs 

loltlcj:!,. 09i.tf. ffli. mtm. US7 7- 
4 2#ra. 

[00 13] 02+. MAT^UcftH^ LiTaO 

3 <7)3 6- Y-xa«^Mt, j^aMfooflasw** 

tc&Zbtfbfrl. fcfc'U ZCDimX'lt. Kovacs ffi 
fciOafrSftfcttJKOjgR^ttofc (G. Kovacs ,et 
al., Proc. 1990 IEEE Ultrasonic Symp. pp.435 - 43 
8). 

[00 14] U>U GHj ^Oj:o^»*^T 

«U 02+, eAT*Lfeft*Wi, E«HS±(=-« 

flffiifetf>ifc&01 0%<0%&£^1\ 
[00 15] Sfcfc. H3(C. LiTa0 3 SflLhtCA 
1 J: OfcS/P-?^ **TO**MU*6*>fia» 

*tigteft^<0M^2r^-r. fcfc'U 03+. ttM(i« 

x7M/CV>3>. 

[0 0 1 6] LiTa0 3 m&E&SfixOIIIiE 

02 1 tc^-f 7 -f jV'fcQffi&fti&coimtfAy'V rxtr 
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cot* 9. «»ottW(*o»»*«tt«rv\ 
[ 0 0 l 7 3 i fc. 3i3lflWja*tt<oft3Bifc 

Tao 3 mwmifzmmwRt5Xvmit* J fL6 

ZkifiSUUZtVfc. 04, 5tt, ^VWlfrfrfcLiT 
a0 3 mte£JMLlZW&m7 4lU90>mttti& 

Srffiv\ «^^ni!igft^<7)LiTao 3 a«LBc, m& 

BW*«Hl«S*i4WttSaB«0«JW) 1 0%[z%h <k 3 
[00 18] BB4j:9fc*»*J:afc, 7-f/i^ti, £K 

OEieft. -r^*»^-ybft^^3 6- Y. 40' Y, 
4 2* YiJj:^4 4 0 Y<OVvfft.cO*|££i, B&H-c^) 

jga-t s t ot* htzthtih. 

[00 1 9] it:* H5J:9;bft>6J:3£. L iTaO 

3 0*40° Y~4 4' YOKHfcREL 
I VMifMiS&im. tZbh- 3 5 • 

C~8 5- C^KHTWu 0!|feft55:^*c7)3 6' Yfc 

4 0' Y~4 2' Y4>«HfcR5£Lfc*£, «/MIA» 
[002 0] it:* 06«LiNbO 3 #jgft<7)(9|lIlK 

flI9tflLft*^LIilCft«fc:ov>T*t-. 06+, 5^ 
TSLfcftlWl. LiNb0 3 <D64° Y-XSM^ffi 

LSAW<0fisJKB*fctWLfcfc<0T. ISIKft* #6 4 

U. iOttJtCtt. Warnerffit J: Oi^^ilfe^^ 
S^ffi-ofc (J. Acoust. Soc. Amer., 42, 1957, pp.12 
23 - 1231)) . 

[002 1 3 L*U GH, WH«>J:'d%«lkfilRWr 

^bL. 02, 3{iH»-Cwt^J:5tc. ik/jNOfeJftJa 

* Hlfeft <9 jW««]a!Bt-«i6 i b nam t 
fe. fc^fL, 02+, SatTSpLfcflfWi. Iffi^dff 

[0022] L i N b 0 3 HISASfii^liniE 

0, GH, *WcttviTffiiai^>l0U^ir<, Q*^ 



* « 




[0023] 

iz^xttmizmmz, H7 (a) ti. *mr>mi 
mmmizx h 7?-w&'&$mw.y < iv^^m^^-t 
^hii, 07 (b) &z<mmmm?bh. 

[00243 07 (A) Z^mthfc, 5¥tt*iB&7^ 
;l/?(4L iTa0 3 ttWLiNb0 3 #i&i<0[I](EY 

iLBcmSfU A^iffl3«Si* { A^»? I mzmnzti 

, cryftjimmmzmmzti. ^ ^z^timmm^m^m 
=FouTizW;mztifzm2cDBm,m i ' k.xxm 
mmmmmmRi ■ oAajwwtJsasfu iu^d 

®r, • co&mwzmmzti. ftxmwmztmz 

tvfc&AOmBVMRt " tout. 
[00 2 5] %-*cr)ffiffiWMRi , Rj ' , R 2 , 
R 2 ' . R2 " fcfcWC, A*fflM»itt, 
9, X(lWri*ifc:e»t*Wtt*lil»<oe»i:3ast*W 

4fcHj*fii«aot» ffl«<oao. «riemi«o^ri6) 

t (4R*f <03?l 2 oarfofcjpfr WBEt * » 2 Sfcomffi^ 
^lPO«S^tm2afc7)mffitli:(i, XSt 

r, ■ , r 2 , r 2 * , r 2 " tti, xffljft±.0)mm 

R, , R, ' . R 2 , R 2 ' , R 2 " (4A 1 - l%Cu 

[00 26] 07 (B) (406 (A) C07 i )\>?<r>m& 
[38&0£*t. 07 (B) t#SWSt. tw^ffiR, 

fcjtm, ■ ttEHsasfu ?^>{2»»«ffiR 2 , r 
2 ' tjitm, " tfmmnxtix^h . 08(407 
(a) , ( b ) <nm i m\m? < )vnz^xm.mz 

ftfcftfc^M*A**£, LiTa0 3 JtyRASttl 1 
^)8i*^7^^l:o^tit. «/h*$AS*(4, ^ 

mm* yhfte imnrmkiztemmz-g* l 

c o o 2 7 ] 08 tmttnz % m'bftxmi&mmco 
ti-yvm^-Kt^z^tixm-L. 4 2- 

Yft\ZtiWXWt>bkti:hZ\ktfhii>&. * -y h£#4 2 
• £i8;il>fcft/MfAS&(4BtfiM7cf£. «oT. 7 
i >V9&\Wi<r>mkfrt>\±. LiTa0 3 Sfil lco 
tfyhft£3 8* *^4 6' cOffiH{Cig€"f SCLfctJ: 
0 > 7 -f /l^Oft/Mf A*** 1 ■ 6 d BJartfcW* & 
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[0028] *fHH?U:. ^LiTaOj JUSASK 

hz\ktf%.$&tuz. 09 (a) &nmit<7)%.mz* 
t. 09 (a) *#arr4c, aw. raffWttR 

/NfAJifcfcfcfLT 1 . 5 d B^^^tilRMIB 
W 2 fc. 2 0dBO«$S£-$-;tS^t£i|BBW, fcfcft 
v\ bw, /BWj Ki04i.fe*i6. A»Jk*9c*^ 
g7 a WiAfu- Y fcfc 0 . •mmtfZikth k m& 

m*) i *cifi^< «t a c$n4*M7 < ;^*iaf-r*« 

[0029] 09 (B) (4. 07 (A) , ( B ) <7)5¥tt 

«££l l^ij yYneff)m.kLXm. 09 (B) 

1 i 5K, ftWti]v hftetfmst&£.r> 
tlXU&rS*. <?=42* hftTft/Wil. 4 
7 (C»t4. a-yHM*4 2* SrSiTtMAtS 
kft»itfc*i*U. 7^;^<oas?tt3&^fttS. 
BBfcil.5Wt*iB«[7 A>l<?X'li. &Mf XWiffl . 

6 d B«T, *fcA»Jt3&« 1 • 5 5«T-TS)S i fc*^ 
tl<. m->Xm9 (B) iO. LiTa0 3 
'yH30fcUai. 4 0-4 6* O^ffl, #t4 0~4 
4' <7>fflim&L^z\ki} { biF&. mz. tivYfte 
1 4 2 • (cR«t4 i 0 , ft/h»A«*«riWNfl: 

[0030] 01 oti, 07 (a) , (B)mmmm 

7 4 fr?iz^xmkmz%bixfcffi^ffimiip 

t. 01 04>, ^4LiTa0 3 04 2* Y-XS^ 

iTa0 3 <7)3 6' Y-X»Klra«l 1 k LTffiofc 
^aSr/pt. 

[ o o 3 1 ] 0 1 o *«Bt*fc. wm®tm.ii8 8 

0MH, C«K,»ffljffiR^ts l«)4 0MH z CO^ffl^rii 
iffl»«T»a^Jtfe<i6. a^^^T'(4«S(ilitit 
4 2* Y-XWRktiL-ote? <)\,9<?)-)jtf, 

W36' Y-xaaR^teofctoiijfcj: 1 )®*^ 

fc, 01 0-CJ4. 7-<;^OjBlff«JttSSB.W(CiB 
HtS7.7-UTXt-^A, B*«RSJ$flS. 
[00323 01 ltt, L i T a 0 3 £OY@IEX«a« 
«lBt, 3¥tt^ffi«<0^fcS*t41?S* J 7%<omfii* 

ft^{CO^Tft»t^j!Sm$:*t. tMWctt. Kovacs 

[00333011 fc«»tft t. mmm&m*. 

2 (4^ >y h ft cOiMA k ftfcjjbH" * «W Swt i k 
+JcEIB»*fcJ: OSRSftfcx^M^tefc^tS 

t*o, c cofi^h§ >, ^ k mmt&mtf%& uz<o, m 




( 10) 



1 4 0 . 1) f hft eitWi 9 4 6* JaTfcRS&t**)** 

[0034] Hi 214, H7 (A) . (B)«7-(W 
fcfcWC, h#T»j£$*l£LiTa0 3 CO 

1 2«>WW:*NvCfc, jfeOWIkiaHIHC, Kovacs ffi 
[0035] HI 2i.*)bfrhS.o\Z, *7W38 

• uitco&£, mitmmm*tth\zmmm 

trmmztrnzm-mfr. mmmzm^m 
ti&wbfrz . m>b&z zm% t mmnvmiziz 

&UiftKT&6 4 0* H46' WBHfcRjfcLfc* 
%&±C0 bZh IZtmtl . HIM^S fc , *H»I<7)7 

WStfjfcfcfcfcat. Ulicox ? J: *;<c* 

vrtmmzt^ it o , »K*<ofHa#«»oBW(;: 4 

izftlX 1 5 J^tlrttc&S J; o izMfc? mrflfft t 
V\ HI 240, AlfcSVM4Al-l%Cu-£&£te 

iz%hlk.ZmlX\->l. r-ft#4 0-4 6" 

C0&HT'(4, «®coif${40. 0 7-0. 1 

££#-yr-:ft#4 0*^4 4' C0®HT(4, 
W£140. 0 5-0. lOtotitt-CbhMfiff&LW 
[00 36] HI 3*4, H7 (A) . (B)cD7-r/k? 

YEiiK-xsi&aaii ibtxm\ wsli iuzusa 
ztitiwmmnmz zmmmmtiwrnkizn ix 
^t^izm^mmnm Lfctt**jj%*. izn 

L, HI 3c0frgT'(4, %<?> Warner fi!s<0tlA]3R»ffi 

[0037] HI 3 4 9fc*^>4?£, l£8t»*J4, « 
SffiUf coiftfcfc b Uz^ltAM/mi b ofcfiL 

&ft?t4, ifcft£*rt?>m®)&ia J 3 . 5%UT<VtZ 

bximWktffe'Hz-zhzttfbfrh . l*>u z<r> 
mmrnvzuzMizi. msB&fiM&wiix 
co4%imiit. \mm;\tM.mzm±ixi*o. 

»*(4, «ffiSJf*<IiS3¥tt^H&c7)4%m±, "t**> 

^ttffico#jDft:i$ii#$#jc& £&ftTT%hfc& 

lz%&£o%. «MtJ¥a«®tt*BiffecojfcKK*fL 
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T^-C#^V^TT<4, Li Nb0 3 WRMlv V 
ft* 6 6' £Ltfc:ftgi-4*>i&«2*U*. m&co 

y^^^^itO, £M*cr>%mtfW&cr)mmiz 4 

fc»LT 1 2%J2lrtl=&ft J; dfc#jfc**<Wff* L 
£*lfcftV\ LiNb0 3 £«<0# y r-#t46 6* 

[0038] JjU:W*3et«Uc*JV^r , «ffi&£{4A 1 
- 1 %C u b Lfctf, «IMrA 1 TfcH«'5:»H»* t *4 
•t4. LiTaOj £K±fctt&*{fi0«ff# 
» s fliRtfAu-CJ&fcf S^fc(4, mSOJI${4jfe* 
COO. 4-2. 1%C0&B* { , $f>{CLiNb0 3 
±fcAuT«ff*#)fr*4*afctt, mflicoJI${4iS* 
cOO. 5-1. 7%coffiBK!S£-r!>cO#*?£U\ * 
LiTaO, WsL±.\ZCuXW&*mm'h*$&\Z 
J4, ifcHcoO. 9-4. 5%cOKHfc^t&<0^, § 
t>lZL i N b 0 3 SR±CC uT«ft*»A-*-*«^fc 
f*. ttJtai. 2-3. 6%<J5«HtR^t*<0*»Jf4 

[0039] H14 (A) ti, H7 (A) c0^ttlSE«[ 

y ovtv-'smm*. *itsii4 (b) itzwrnm® 

&mmt. fcfc'U Hi 4 (A) , (B)tf»jW:il 

4. Hi 4 (A) £«H-*-$fc. 3Wt»iB»7'r;^{4 
5fecoH7 (A) (0S0SWkH«C LiTa0 3 tfM 

l i n b o 3 m&cDmmYmLizmtf&ti. xiimm 
m<xmir i Nfcsasiifcsi 1 cos^m^R, t , 

)gmffiR 2 ' b , A^fiimfiiSrfSJettfiiRi ' cotKTjfflU 
«S££tt8*U ffl*fflK8i&«il!sSixfe»4(Ol«K« 
®R 2 k«r*t». 

[0040]H14(B) $r#fil1-4(C, a^lliRi 

fc4ixR, • (4e?i]^$tL, zuzmmfaRi ax 

R, . Ri ' , R, , R, ' (4^^'Pn»i 1 $r^ 

t, mmmmRi • (4r, <m\/i<rmm.^^th. 

«fi*««iR 2 ' (4©^«ffiR 2 cO*!32^co^a^ 

[ 0 0 4 l ] ico4 a $r<fWM)3ltt*ffl«7 
i>, S«(CLiTa0 3 HIte^5Sr3 8 

• 1XL4 6- lilT, 4 0»SiL<«44O' W±4 6' W 
T, fit»^U<«4^4 2* tClS^-fl>^t{c4 1 ?. * 
fcMRKLiNb0 8 itt->fc*^, mffieZ6 6' 
&±74' UT, 4*)»*L<J4i^68- fc»J&^4i 
b K4 ») , *«±co««E^jD««^m*^(c=5rl> 4 
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[ o o 4 2 3 1 z bx. ^mwmtm.ff)yy-mm i & 

3m&y a i\s?izm%Zti&i><r)TlZ%<. 

<m&m®.7 a iv? . *m%$>z>wmmmmmizi> 
mmmx'ht. mm. 014 u> . 

[00433 01 b\**wft<n&29m.m\zz. & , I I 

DT ( interdigital-interdigitaltransducer ) tfffifcO 
PM4ilfflig7 -r 2 0 Sr^-T . 0 1 6 &#Btt6 lc. 
I I DT7 A)V$ 2 0 (ifttlftBB v 3 8~ 
4 6- OY@fXLiTa0 3 1, hh^Mil v 

hft#6 8~7 2* cOYSKXLiNbOa g$l 1± 
t»J«S*l. LiTa0 3 fflKSrft^Jfc*£, B&Btt 
^ffi$jfcft03~l 5%. LiNb0 3 fflKfcttofc* 
£»S»ttfliii»<04--l 2%<0«H<0WS*W1-4» 

mmzB&ziixuh. ^mmmiza^xh. mm 

t LX L s aw#BSS*u HBBSiutaiinftttxWSr 

[00443 «s^sffi(4, mmmfflmizft-ixx. 

out k 4:93:9. #«<0A:fc«S»1llffRintt. ATJffi 

^ 2 1 tgactsasfu mimmmmmmz^m- 
zmtnm^zy-mmimnimvik. mmimn 

J: 9*6. #«offl:fc«»»*«SRoiit «4. aj 

*»?2 2fc#sifcSBs*u mimmm&immz^. 
imnrnwrnm 1 s^nwik . it-nam 1 

fH k <fc 0 & "9 . l5IEffi*fflBWeiltSRout com 1 POl 
&£(4 . ffiSA^J KSMiR in^SS 1 ]^ti9 k R 

«glKHW)*J«5r < k i l / 2 a*M-e«;fo*i4 . $ t» 

iz\t-mm&R f tmrnztii . 

[004 53 a^SffiftlCfcVvCi), 07 (A) , 
(B) ^SBtH*KLiTa0 8 JWSflrfOYECXR 

[00463 01 714. *wm%3%mw\z±hw$L 
mm? a 3 Qnffi&z^t. 0 1 7 ipmt& 

fc. W&mfcy A)V9 3 0 liMzW® Ltzt v hfttf 
3 8-4 6° OYHMSXL IT a0 3 «. tiZlttvb 
ft#6 6~7 4° WYdHgXL i Nb0 3 flttOfc** 
«±.fc#jRSft.. LiTa0 3 3HKfrtt->fc»^, jfcft 

T^-S.. LiNb0 3 aHR*«3«^tli, 8»B 
m®OJ¥£f4»*<94~l 2%<7)ffiBk$ixl>. #H*S 
Wfcfiv^tt, ^ffi^tt-CLSAW*«$n. US 
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ztitzmmmtxmiftizimtz . 

[00473 W®m&7 < )l>?it3 Oti, 01 l^g 

*U 3&fc*0^fc-*t*>R»»R 1 SriEiSLTV* 
*. *»*»*«Wfc*i^Tt, 07 (A) , (B) cOgB 
k RMKCSfiO* •>/ hftfc i V««««W*Kiftt4 

[ 0 0 4 8 3 0 1 814, *#fl*>»4 £Mffil(C J: 69ttt 
^ffl«7 4 /k? 4 0 (Dffi&Z^t. 0 1 8 £#fiW-* 
J=. 3¥ttSM£«&4 0(4. jfcJciPJju^hfttf 
3 8~4 6° OYEHSXL iTa0 3 $.l>V^-y 
hft^6 6~74° WYlHlKXL iNb0 3 ftJO** 

fflRl 1±{c»jS$*i % LiTa0 3 m^m-ot:^ 
W4, »ft(03~l 5^KHkOJ5$&*t-4WB«S 

^Bgsnrv^s. -?k LiNbo 3 aastttofc* 

m*m$&tih. xmmmizti^xh. mswitLXL 
sAw*«§ix s m&ztitzfkmmtexmiiftizim 

[00493 w&mmfay a >v? a o<4. 0 1 6<oga 

O!±l^«8iiBS«ikP]«*«O|iiSg«ffiR 0Ut % fci 

v*«)H«i=i»8*ife. 01 e^mmcom^mmmm 

miz-ttnmm 1 £Etauo>*. *<or, 
SR in {4A^i« : ?4 1 iztewtzti. -immmRovt 
&iiijim-4 2\zm®iitiz>. 

[0050J frfr&mtfLlZ£*). 07 (A) , (B)W 
§lfik|S|i§H3«1£<0;>/ 7 hfttJit^«lSOJRW*Kifl: 

-tSftS»*«fllfe*l4. 019(4. *JMBW»5SatW 
J: h 1 iK- b3¥ttaffi«ft«ll 5 0 cOffiBglr^-r . 

[00513019 *imth\z* w&mmiym5 

OlimzmmttzA y h^3 8-4 6" OY®!iSXL 
iTa0 3 J>l)V^4*>y hll* { 6 6~7 4' <7)Y[ll 
IEXL i Nb0 3 <SJ:9 : 5rl.S^l l±<:»^§n. L 
iTa0 3 *»Rfc«->fc«^l=J±, mm l±fc!4» 
«<03~1 5%(Oi5H^Ji§$rW-ri.»jemii* { ^§ 
fLTV>S. LiNb0 3 

Sfil ?SiRW4~l 2%OKffl^W$^*-r 
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